Introduction

25
Mudrocks constitute up to 80% of the Earth's sedimentary rocks (Stow, 1981) . Due to their low 26 permeability and self-sealing properties (Boisson, 2005 , Bernier et al., 2007 , claystones are 27 Solid Earth Discuss., doi:10.5194/se-2016 Discuss., doi:10.5194/se- -131, 2016 Manuscript under review for journal Solid Earth Published: 4 October 2016 c Author(s) 2016. CC-BY 3.0 License.
of Grenoble Alpes (France).. Complete 3D images of the specimens were recorded throughout 171 the test using x-ray microtomography (voxel size was 14 µm). The test was displacement-172 controlled, with a displacement rate of 0.05 µm/s, i.e., an axial strain rate of 2.5 10 -6 s -1 . The 173 stress-strain curve (Figure 3 .a) shows only one stress peak at an axial strain of 0.04. The peak 174 stress is followed by a major stress drop corresponding to the formation of a shear fracture 175 (referred to as "main synthetic fracture" in the following sections) oriented at an angle of 40° about the direction of the principal stress σ 1 (the DIC-based maximum shear strain fields 177 are given in Fig. 3b ). The DIC-derived volumetric strain fields (not shown here, see Lenoir 178 2006) indicate that the shear fracture is accompanied by some slight dilatancy. Sub-samples were first stabilized with epoxy, extracted with a low speed diamond saw in dry 187 conditions, pre-polished dry using SiC polishing papers and BIB polished by using a JEOL SM-09010 188 cross-section polisher (for 8 h, 1.10 -3 -1.10 -4 Pa, 6 kV, 150 µA). BIB cross-sections are all prepared 189 parallel both to the principle stress (σ 1 ) direction and perpendicular to the shear displacement plane. 190 BIB cross sections of about 1.5 mm 2 (Figures 6 and 7) were imaged with a Supra 55-Zeiss SEM (SE2 191 and BSE detectors at 20 kV and WD = 8 mm). Further details of the method are given in (Klaver et 192 al., 2012 , 2015 , Houben et al., 2013 , 2014 , Hemes et al., 2013 , 2015 , Desbois et al., 2016 Solid Earth Discuss., doi:10.5194/se-2016 Discuss., doi:10.5194/se- -131, 2016 Manuscript under review for journal Solid Earth Published: 4 October 2016 c Author(s) 2016. CC-BY 3.0 License.
Overview of microstructures
195
The sub-sample without measurable strain (i.e. ROI-1_COX-2MPa, Figure 6a range of grain sizes, smaller than those in the host rock. These characteristics are typical for cataclasis 304 (Passchier & Trouw, 2005) . COX-2MPa the cataclastic gouge seems to be more porous than in COX-305 10 MPa; this is as expected for the lower mean stress, but firm conclusion require further study to 306 exclude that this is an unloading and drying effect. For COX-10MPa, the porosity in clay matrix is 307 clearly reduced in comparison to the one in the host rock: most pores, if present, are below the 308 resolution of SEM (Figure 10 and 11) . The mechanism of this compaction during shearing is 309 interpreted to be a combination of cataclasis of the cemented clay matrix, and shear-induced 310 rearranged the clay particles around the fragments of non-clay particles. 311
Conclusions
312
The integration of bulk stress-strain data, the analysis of displacement fields by 3D digital image 313 correlation (DIC) with Broad Ion Beam cutting and Scanning Electron Microscopy (BIB-SEM) is a 314 powerful multiscale method to study the deformation behaviour of mudstones. 315 
604
Close to the main synthetic fracture, the host rock displays jagged joints sub-parallel to the main synthetic 
